NMDA-sensitive neurons profoundly influence delayed staurosporine-induced apoptosis in rat mixed cortical neuronal cultures.
We have investigated cell killing in cultured rat embryonic cortical neurons exposed to the protein kinase inhibitor staurosporine, the excitatory amino acid N-methyl-D-aspartate (NMDA), or a combination thereof. Our data indicate that there are several populations of neurons that differ in their response to these agents. Cultures exposed to NMDA undergo cell death typified by lactate dehydrogenase (LDH) leakage which is likely primarily necrotic in that little caspase-3 activation or oligonucleosome formation is observed even when followed for 48 h. Cells exposed to staurosporine (STS) exhibit rapid, extensive activation of caspase-3 with coincident LDH leakage, oligonucleosome formation and TUNEL staining. Both LDH leakage and oligonucleosome content were significantly more elevated at 48 h than at 20 h with STS treatment while caspase-3 activity peaked early (8-20 h) and declined markedly by 48 h. Deletion of NMDA-responsive neurons by pre-treatment of the cultures with NMDA for 4 days prevented the late phase (20-48 h) increases in LDH leakage and oligonucleosomes in the remaining neuronal population. Caspase-3 activity was also completely abolished by NMDA pre-treatment. These results indicate that cells susceptible to acute NMDA-induced toxicity can be killed by non-apoptotic means when exposed to NMDA; however, they undergo a delayed, apoptotic death when exposed to STS. Interestingly, removal of NMDA-responsive cells prevents the processing of procaspase-3; thus, STS-induced apoptosis in cells resistant to NMDA-mediated killing proceeds independent of caspase-3 activation. The data indicate that nearly all neurons in these mixed cultures can undergo apoptosis in response to appropriate stimuli such as STS but that the temporal nature, and the pathways activated in response to STS, vary amongst the subpopulations of neurons. These findings may help to explain the simultaneous appearance of features of both apoptosis and necrosis observed in vivo following cerebral ischemia.